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Abstract
Recently, the CMS and ATLAS Collaborations have reported direct searches for the 125 GeV
Higgs decay with lepton flavor violation, h→ µτ . In this work, we analyze the signal of the lepton
flavour violating (LFV) Higgs decay h → µτ in the µ from ν Supersymmetric Standard Model
(µνSSM) with slepton flavor mixing. Simultaneously, we consider the constraints from the LFV
decay τ → µγ, the muon anomalous magnetic dipole moment and the lightest Higgs mass around
125 GeV.
PACS numbers: 12.60.Jv, 14.80.Da, 11.30.Fs
Keywords: Supersymmetry, Higgs Decay, Lepton Flavor Violation
∗ hbzhang@hbu.edu.cn
† fengtf@hbu.edu.cn
1
I. INTRODUCTION
The discovery of the Higgs boson by the ATLAS and CMS Collaborations [1, 2] is a great
success of the Large Hadron Collider (LHC). Combining the updated data of the ATLAS
and CMS Collaborations, the measured mass of the Higgs boson now is [3]
mh = 125.09± 0.24 GeV. (1)
The next step is focusing on searching for its properties. In the Standard Model (SM),
which is renormalizable, lepton flavour violating (LFV) Higgs decays are forbidden [4]. But
recently, a direct search for the 125 GeV Higgs decay with lepton flavor violation, h → µτ ,
has been described by the CMS Collaboration [5, 6]. The upper limit on the branching ratio
of h→ µτ at 95% confidence level (CL) is [6]
Br(h→ µτ) < 1.20× 10−2. (2)
Here, interpreted as a signal, µτ means the final state consisting of µ¯τ and µτ¯ .
The ATLAS Collaboration gives the constraint on the branching ratio of h→ µτ at 95%
CL to be [7, 8]
Br(h→ µτ) < 1.43× 10−2. (3)
The ATLAS and CMS experiments do not currently show a significant deviation from the
SM. Therefore, the experiments still need to make more precise measurements in the future.
LFV Higgs decays can occur naturally in models beyond the SM, such as supersymmetric
models [9–17], composite Higgs boson models [18, 19], Randall-Sundrum models [20–22], and
many others [23–40]. Due to the running of the LHC, LFV Higgs decays have recently been
discussed within various theoretical frameworks [41–105]. In this paper, we will study the
LFV Higgs decay h→ µτ in the “µ from ν Supersymmetric Standard Model” (µνSSM) [106–
108]. As an extension of the Minimal Supersymmetric Standard Model (MSSM) [109–
113], the µνSSM solves the µ problem [114] of the MSSM, through the R-parity breaking
couplings λiνˆ
c
i Hˆ
a
d Hˆ
b
u in the superpotential. The µ term is generated spontaneously via the
nonzero vacuum expectative values (VEVs) of right-handed sneutrinos, µ = λi 〈ν˜ci 〉, when
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the electroweak symmetry is broken (EWSB). In addition, nonzero VEVs of sneutrinos in
the µνSSM can generate three tiny massive Majorana neutrinos at tree level through the
seesaw machanism [106–108, 115–119].
Within the µνSSM, we have studied some LFV processes, l−j → l−i γ, l−j → l−i l−i l+i ,
muon conversion to electrons in nuclei and Z → l±i l∓j in our previous work [120–122]. The
numerical results show that the LFV rates for lj− li transitions in the µνSSM depend on the
slepton flavor mixing, and the present experimental limits for the branching ratio of l−j → l−i γ
constrain the slepton mixing parameters most strictly [122]. In this work, considering the
constraint of τ → µγ, we continue to analyze the LFV Higgs decay h → µτ in the µνSSM
with slepton flavor mixing.
The paper is organized as follows. In Section 2, we briefly present the µνSSM, including its
superpotential and the general soft SUSY-breaking terms. Section 3 contains the analytical
expressions of the 125 GeV Higgs decay with lepton flavor violation in the µνSSM. The
numerical analysis and the summary are given in Section 4 and Section 5, respectively.
Some formulae are collected in Appendix A and Appendix B.
II. THE µνSSM
In addition to the superfields of the MSSM, the µνSSM introduces right-handed neutrino
superfields νˆci (i = 1, 2, 3). Besides the MSSM Yukawa couplings for quarks and charged
leptons, the superpotential of the µνSSM contains Yukawa couplings for neutrinos, two
additional types of terms involving the Higgs doublet superfields Hˆu and Hˆd, and the right-
handed neutrino superfields νˆci , [106]
W = ǫab
(
YuijHˆ
b
uQˆ
a
i uˆ
c
j + YdijHˆ
a
d Qˆ
b
i dˆ
c
j + YeijHˆ
a
d Lˆ
b
i eˆ
c
j
)
+ǫabYνijHˆ
b
uLˆ
a
i νˆ
c
j − ǫabλiνˆci Hˆad Hˆbu +
1
3
κijkνˆ
c
i νˆ
c
j νˆ
c
k, (4)
where HˆTu =
(
Hˆ+u , Hˆ
0
u
)
, HˆTd =
(
Hˆ0d , Hˆ
−
d
)
, QˆTi =
(
uˆi, dˆi
)
, LˆTi =
(
νˆi, eˆi
)
are SU(2) doublet
superfields, and uˆci , dˆ
c
i , and eˆ
c
i denote the singlet up-type quark, down-type quark and
charged lepton superfields, respectively. Here, Y , λ, and κ are dimensionless matrices, a
vector, and a totally symmetric tensor. i, j, k = 1, 2, 3 are the generation indices, a, b = 1, 2
3
are the SU(2) indices with antisymmetric tensor ǫ12 = 1. In the superpotential, the last two
terms explicitly violate lepton number and R-parity. Note that the summation convention
is implied on repeated indices in this paper.
Once EWSB occurs, the neutral scalars develop in general the VEVs:
〈H0d〉 = υd, 〈H0u〉 = υu, 〈ν˜i〉 = υνi, 〈ν˜ci 〉 = υνci . (5)
Then, the terms ǫabYνijHˆ
b
uLˆ
a
i νˆ
c
j and ǫabλiνˆ
c
i Hˆ
a
d Hˆ
b
u in the superpotential can generate the
effective bilinear terms ǫabεiHˆ
b
uLˆ
a
i and ǫabµHˆ
a
d Hˆ
b
u, with εi = Yνij
〈
ν˜cj
〉
and µ = λi 〈ν˜ci 〉. One
can define the neutral scalars as
H0d =
hd + iPd√
2
+ υd, ν˜i =
(ν˜i)
ℜ + i(ν˜i)
ℑ
√
2
+ υνi,
H0u =
hu + iPu√
2
+ υu, ν˜
c
i =
(ν˜ci )
ℜ + i(ν˜ci )
ℑ
√
2
+ υνc
i
. (6)
In the framework of supergravity-mediated supersymmetry breaking, the general soft
SUSY-breaking terms of the µνSSM are given by
−Lsoft = m2Q˜ijQ˜a∗i Q˜aj +m2u˜cij u˜
c∗
i u˜
c
j +m
2
d˜c
ij
d˜c∗i d˜
c
j +m
2
L˜ij
L˜a∗i L˜
a
j
+m2e˜c
ij
e˜c∗i e˜
c
j +m
2
Hd
Ha∗d H
a
d +m
2
Hu
Ha∗u H
a
u +m
2
ν˜c
ij
ν˜c∗i ν˜
c
j
+ǫab
[
(AuYu)ijH
b
uQ˜
a
i u˜
c
j + (AdYd)ijH
a
d Q˜
b
i d˜
c
j
+(AeYe)ijH
a
d L˜
b
i e˜
c
j +H.c.
]
+
[
ǫab(AνYν)ijH
b
uL˜
a
i ν˜
c
j
−ǫab(Aλλ)iν˜ciHadHbu +
1
3
(Aκκ)ijkν˜
c
i ν˜
c
j ν˜
c
k +H.c.
]
−1
2
(
M3λ˜3λ˜3 +M2λ˜2λ˜2 +M1λ˜1λ˜1 +H.c.
)
. (7)
Here, the first two lines contain mass squared terms of squarks, sleptons, Higgses and sneu-
trinos. The next three lines include the trilinear scalar couplings. In the last line, M3, M2,
and M1 represent the Majorana masses corresponding to SU(3), SU(2), and U(1) gauginos
λˆ3, λˆ2, and λˆ1, respectively. In addition, the tree-level scalar potential receives the usual D-
and F -term contributions [107].
In the µνSSM, the quadratic potential includes
Vquadratic =
1
2
S ′TM2SS
′ +
1
2
P ′TM2PP
′ + S ′−TM2S±S
′+
+(
1
2
χ′0TMnχ
′0 +Ψ−TMcΨ
+ +H.c.) + · · · , (8)
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where in the unrotated basis S ′T = (hd, hu, (ν˜i)
ℜ, (ν˜ci )
ℜ), P ′T = (Pd, Pu, (ν˜i)
ℑ, (ν˜ci )
ℑ),
S ′±T = (H±d , H
±
u , e˜
±
Li
, e˜±Ri), Ψ
−T =
(
−iλ˜−, H˜−d , e−Li
)
, Ψ+T =
(
−iλ˜+, H˜+u , e+Ri
)
and χ′0T =
(
B˜0, W˜ 0, H˜d,H˜u, νRi, νLi
)
. The concrete expressions for the independent coefficients of mass
matricesM2S,M
2
P ,M
2
S± ,Mn andMc can be found in Ref. [121]. Using 8×8 unitary matrices
RS, RP and RS±, the unrotated basises S
′, P ′ and S±
′
can be respectively rotated to the
mass eigenvectors S, P and S±:
S ′ = RSS, P
′ = RPP, S
±′ = RS±S
±. (9)
Through the unitary matrices Zn, Z− and Z+, neutral and charged fermions can also be
rotated to the mass eigenvectors χ0 and χ, respectively.
III. 125 GEV HIGGS DECAY WITH LEPTON FLAVOR VIOLATION
The corresponding effective amplitude for 125 GeV Higgs decay with lepton flavor viola-
tion h→ l¯ilj can be written as
M = l¯i(F ijL PL + F ijR PR)lj, (10)
with
F ijL,R = F
(V )ij
L,R + F
(S)ij
L,R , (11)
where F
(V )ij
L,R denotes the contributions from the vertex diagrams in Fig. 1, and F
(S)ij
L,R stands
for the contributions from the self-energy diagrams in Fig. 2, respectively.
The one-loop vertex diagrams for h → l¯ilj in the µνSSM are depicted by Fig. 1. Then,
we can have
F
(V )ij
L,R = F
(a)ij
L,R + F
(b)ij
L,R + F
(c)ij
L,R + F
(d)ij
L,R , (12)
where F
(a,b)ij
L,R denotes the contributions from charged scalar S
−
α,ρ and neutral fermion χ
0
η,ς
loops, and F
(c,d)ij
L,R stands for the contributions from the neutral scalar Nα,ρ (N = S, P )
and charged fermion χβ,ζ loops, respectively. After integrating the heavy freedoms out, we
5
lj
li
χ0η
h
S−α
S−ρ
(a)
lj
li
S−α
χ0η
χ0ς
h
(b)
lj
li
χβ
h
Nα
Nρ
(c)
lj
li
Nα
χβ
χζ
h
(d)
FIG. 1: Vertex diagrams for h → l¯ilj. (a,b) represent the contributions from charged scalar S−α,ρ
and neutral fermion χ0η,ς loops, while (c,d) represent the contributions from neutral scalar Nα,ρ
(N = S,P ) and charged fermion χβ,ζ loops.
lj
li
li
h
(a)
h
lj
lj
li
(b)
lj li
S−α
χ0η
(c)
lj li
Nα
χβ
(d)
FIG. 2: Self-energy diagrams contributing to h → l¯ilj in the µνSSM. The blob in (a,b) indicates
the self-energy contributions from (c,d).
formulate the neutral fermion loop contributions F
(a,b)ij
L,R as follows:
F
(a)ij
L =
mχ0ηC
S±
1αρ
m2W
C
S−ρ χ
0
η l¯i
L C
S−∗α ljχ¯
0
η
L G1(xχ0η , xS−α , xS−ρ ),
F
(b)ij
L =
mχ0ςmχ0η
m2W
C
S−α χ
0
ς l¯i
L C
hχ0ηχ¯
0
ς
L C
S−∗α lj χ¯
0
η
L G1(xS−α , xχ0ς , xχ0η)
+ C
S−α χ
0
ς l¯i
L C
hχ0ηχ¯
0
ς
R C
S−∗α lj χ¯
0
η
L G2(xS−α , xχ0ς , xχ0η),
F
(a,b)ij
R = F
(a,b)ij
L
∣∣∣ L↔R. (13)
Here, the concrete expressions for couplings C (and below) can be found in Appendix A and
Ref. [123], x = m2/m2W , m is the mass for the corresponding particle, and the loop functions
Gi are given as
G1(x1, x2, x3) =
1
16π2
[ x1 ln x1
(x2 − x1)(x1 − x3) +
x2 ln x2
(x1 − x2)(x2 − x3) +
x3 ln x3
(x1 − x3)(x3 − x2)
]
, (14)
G2(x1, x2, x3) =
1
16π2
[ x21 ln x1
(x2 − x1)(x1 − x3) +
x22 ln x2
(x1 − x2)(x2 − x3) +
x23 ln x3
(x1 − x3)(x3 − x2)
]
. (15)
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In a similar way, the charged fermion loop contributions F
(c,d)ij
L,R are
F
(c)ij
L =
∑
N=S,P
mχβC
N
1αρ
m2W
C
Nρχβ l¯i
L C
Nαlj χ¯β
L G1(xχβ , xNα, xNρ),
F
(d)ij
L =
∑
N=S,P
[
C
Nαχζ l¯i
L C
hχβχ¯ζ
R C
Nαljχ¯β
L G2(xNα , xχζ , xχβ)
+
mχζmχβ
m2W
C
Nαχζ l¯i
L C
hχβχ¯ζ
L C
Nαljχ¯β
L G1(xNα , xχζ , xχβ)
]
,
F
(c,d)ij
R = F
(c,d)ij
L
∣∣∣ L↔R. (16)
In Fig. 2, we show the self-energy diagrams contributing to h→ l¯ilj in the µνSSM. The
contributions from the self-energy diagrams F
(S)ij
L,R can be given as
F
(S)ij
L,R = F
(Sa)ij
L,R + F
(Sb)ij
L,R , (17)
with
F
(Sa)ij
L =
Chli l¯iL
m2lj −m2li
{
m2ljΣR(m
2
lj
) +m2ljΣRs(m
2
lj
)
+mli[mljΣL(m
2
lj
) +mljΣLs(m
2
lj
)]
}
,
F
(Sb)ij
L =
C
hlj l¯j
L
m2li −m2lj
{
m2liΣL(m
2
li
) +mlimljΣRs(m
2
li
)
+mlj [mliΣR(m
2
li
) +mljΣLs(m
2
li
)]
}
,
F
(Sa,Sb)ij
R = F
(Sa,Sb)ij
L
∣∣∣ L↔R. (18)
The Σ of the self-energy diagrams in Fig. 2(c,d) can be obtained below
ΣL(p
2) = − 1
16π2
{
B1(p
2, m2χ0η , m
2
S−α
)C
S−α χ
0
η l¯i
L C
S−∗α lj χ¯
0
η
R
+
∑
N=S,P
B1(p
2, m2χβ , m
2
Nα
)C
Nαχβ l¯i
L C
Nαljχ¯β
R
}
,
mljΣLs(p
2) =
1
16π2
{
mχ0ηB0(p
2, m2χ0η , m
2
S−α
)C
S−α χ
0
η l¯i
L C
S−∗α lj χ¯
0
η
L
+
∑
N=S,P
mχβB0(p
2, m2χβ , m
2
Nα
)C
Nαχβ l¯i
L C
Nαlj χ¯β
L
}
,
ΣR(p
2) = ΣL(p
2)
∣∣∣ L↔R,
mljΣRs(p
2) = mljΣLs(p
2)
∣∣∣ L↔R. (19)
Here, B0,1(p
2, m20, m
2
1) are two-point functions [124–130].
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Then, we can obtain the decay width of h→ l¯ilj [9, 14]
Γ(h→ l¯ilj) ≃ mh
16π
(∣∣∣F ijL
∣∣∣2 +
∣∣∣F ijR
∣∣∣2
)
. (20)
If interpreted as a signal, the decay width of h→ lilj is
Γ(h→ lilj) = Γ(h→ l¯ilj) + Γ(h→ l¯jli), (21)
and the branching ratio of h→ lilj is
Br(h→ lilj) = Γ(h→ lilj)/Γh, (22)
where Γh ≃ 4.1×10−3GeV [131] denotes the total decay width of the 125 GeV Higgs boson.
IV. NUMERICAL ANALYSIS
In order to obtain transparent numerical results in the µνSSM, we take the minimal flavor
violation (MFV) assumptions for some parameters, which assume
κijk = κδijδjk, (Aκκ)ijk = Aκκδijδjk, λi = λ,
(Aλλ)i = Aλλ, Yeij = Yeiδij , Yνij = Yνiδij ,
υνc
i
= υνc, (AνYν)ij = aνiδij, m
2
ν˜c
ij
= m2ν˜c
i
δij ,
m2
Q˜ij
= m2
Q˜i
δij , m
2
u˜c
ij
= m2u˜c
i
δij , m
2
d˜c
ij
= m2
d˜c
i
δij , (23)
where i, j, k = 1, 2, 3. m2ν˜c
i
can be constrained by the minimization conditions of the
neutral scalar potential seen in Ref. [121]. To agree with experimental observations on
quark mixing, one can have
Yuij = YuiV
u
Lij
, (AuYu)ij = AuiYuij ,
Ydij = YdiV
d
Lij
, (AdYd)ij = AdiYdij , (24)
and V = V uL V
d†
L denotes the CKM matrix.
For the trilinear coupling matrix (AeYe) and soft breaking slepton mass matricesm
2
L˜,e˜c
, we
will take into account the off-diagonal terms for the matrices, which are named the slepton
8
flavor mixings and are defined by [132–137]
m2
L˜
=


1 δLL12 δ
LL
13
δLL12 1 δ
LL
23
δLL13 δ
LL
23 1


m2L, (25)
m2e˜c =


1 δRR12 δ
RR
13
δRR12 1 δ
RR
23
δRR13 δ
RR
23 1


m2E, (26)
(AeYe) =


ml1Ae δ
LR
12 mLmE δ
LR
13 mLmE
δLR12 mLmE ml2Ae δ
LR
23 mLmE
δLR13 mLmE δ
LR
23 mLmE ml3Ae


1
υd
. (27)
The following numerical results will show that the branching ratio of h → µτ depends on
the slepton mixing parameters δXX23 (X = L,R).
At first, the constraints from some experiments should be considered. Through our previ-
ous work [119], we have discussed in detail how the neutrino oscillation data constrain neu-
trino Yukawa couplings Yνi ∼ O(10−7) and left-handed sneutrino VEVs υνi ∼ O(10−4GeV)
via the seesaw mechanism. Here, due to the neutrino sector only weakly affecting h → µτ ,
we can take no account of the constraints from neutrino experiment data.
The neutral Higgs with mass around 125 GeV reported by ATLAS and CMS contributes
a strict constraint on the relevant parameters of the µνSSM. For a large mass of the
pseudoscalarMA and moderate tan β, the SM-like Higgs mass of the µνSSM is approximately
written as [107, 138]
m2h ≃ m2Z cos2 2β +
6λ2s2
W
c2
W
e2
m2Z sin
2 2β +△m2h. (28)
Compared with the MSSM, the µνSSM gets an additional term,
6λ2s2
W
c2
W
e2
m2Z sin
2 2β. Thus,
the SM-like Higgs in the µνSSM can easily account for the mass around 125GeV, especially
for small tanβ. Including two-loop leading-log effects, the main radiative corrections △m2h
can be given as [139–141]
△m2h =
3m4t
4π2υ2
[
(t+
1
2
X˜t) +
1
16π2
(
3m2t
2υ2
− 32πα3)(t2 + X˜tt)
]
,
9
t = log
M2S
m2t
, X˜t =
2A˜2t
M2S
(
1− A˜
2
t
12M2S
)
, (29)
where υ = 174 GeV, α3 is the strong coupling constant, MS =
√
mt˜1mt˜2 with mt˜1,2 denoting
the stop masses, A˜t = At − µ cotβ with At = Au3 being the trilinear Higgs-stop coupling
and µ = 3λυνc denoting the Higgsino mass parameter.
We also impose a constraint on the SUSY contribution to the muon magnetic dipole
moment aµ in the µνSSM, which is given in Appendix B for convenience. The difference
between experiment and the SM prediction on aµ is [142–144]
∆aµ = a
exp
µ − aSMµ = (24.8± 7.9)× 10−10, (30)
with all errors combining in quadrature. Therefore, the SUSY contribution to aµ in the
µνSSM should be constrained as 1.1×10−10 ≤ ∆aµ ≤ 48.5×10−10, where a 3σ experimental
error is considered.
Through analysis of the parameter space of the µνSSM in Ref. [107], we can take rea-
sonable parameter values to be λ = 0.1, κ = 0.4, Aλ = 500 GeV, Aκ = −300 GeV and
Ae = 1 TeV for simplicity. For the gauginos’ Majorana masses, we will choose the ap-
proximate GUT relation M1 =
α2
1
α2
2
M2 ≈ 0.5M2 and M3 = α
2
3
α2
2
M2 ≈ 2.7M2. The gluino mass,
mg˜ ≈M3, is greater than about 1.2 TeV from the ATLAS and CMS experimental data [145–
148]. For simplicity, we could adopt mQ˜3 = mu˜c3 = md˜c3
= 1.5 TeV. As key parameters, At
and tan β ≡ υu/υd affect the SM-like Higgs mass. Here, we keep the SM-like Higgs mass
mh = 125 GeV as input, and then the value of parameter At can be given automatically
in the numerical calculation. Then, the free parameters that affect our next analysis are
tan β, µ ≡ 3λυνc, M2, mL, mE and slepton mixing parameters δXX23 (X = L,R).
It is well known that the lepton flavour violating processes are flavor dependent. The
LFV rates for µ− τ transitions depend on the slepton mixing parameters δXX23 (X = L,R),
which can be confirmed by Fig. 3. The slepton mixing parameters δXX12 and δ
XX
13 (X = L,R)
hardly affect the LFV rates for µ − τ transitions, which play a leading role in the LFV
rates for e − µ and e − τ transitions. So, we take δXX12 = 0 and δXX13 = 0 (X = L,R) here.
To produce Fig. 3, we scan the parameter space shown in Tab. I. Here the steps are large,
because the running of the program is not very fast. However the scanned parameter space
is broad enough to contain the possibility of more.
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Parameters Min Max Step
tan β 5 50 15
µ = M2/GeV 500 5000 500
mL = mE/GeV 500 5000 500
δLR23 0 0.4 0.02
δLL23 0 1.0 0.05
δRR23 0 1.0 0.05
TABLE I: Scanning parameters for Fig. 3.
In the scan, we keep the chargino masses mχβ > 200 GeV (β = 1, 2), the neutral
fermion masses mχ0η > 200 GeV (η = 1, · · · , 7), and the scalar masses mSα,Pα,S±α > 500 GeV
(η = 2, · · · , 8), to avoid the range ruled out by the experiments [142]. The results are also con-
strained by the muon anomalous magnetic dipole moment 1.1×10−10 ≤ ∆aµ ≤ 48.5×10−10,
where a 3σ experimental error is considered. In Ref. [123], we have investigated the signals
of the Higgs boson decay channels h → γγ, h → V V ∗ (V = Z,W ), and h → f f¯ (f = b, τ)
in the µνSSM. When the lightest stop mass mt˜1
>∼ 700 GeV and the lightest stau mass
mτ˜1
>∼ 300 GeV, the signal strengths of these Higgs boson decay channels are in agreement
with the SM. Therefore, the scanning results in this paper coincide with the experimental
data of these Higgs boson decay channels.
Note that, when the calculation program is scanning one of the slepton mixing parameters
δXX23 (X = L,R), the other two slepton mixing parameters δ
XX
23 (X = L,R) are set to zero.
So, we can see the contribution of every slepton mixing parameter alone. Then in Fig. 3,
we plot Br(h → µτ) varying with slepton mixing parameters δLR23 (a), δLL23 (c), and δRR23
(e) respectively, where the dashed line stands for the upper limit on Br(h → µτ) at 95%
CL shown in Eq. (2). We also plot Br(τ → µγ) versus slepton mixing parameters δLR23
(b), δLL23 (d), and δ
RR
23 (f) respectively, where the dashed line denotes the present limit of
Br(τ → µγ) [149]:
Br(τ → µγ) < 4.4× 10−8. (31)
Here, the red triangles are ruled out by the present limit of Br(τ → µγ), and the black
11
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FIG. 3: (Color online) Br(h → µτ) versus slepton mixing parameters δLR23 (a), δLL23 (c), and δRR23
(e), where the dashed line stands for the upper limit on Br(h→ µτ) at 95% CL showed in Eq. (2).
Br(τ → µγ) versus slepton mixing parameters δLR23 (b), δLL23 (d), and δRR23 (f), where the dashed
line denotes the present limit of Br(τ → µγ) seen in Eq. (31). Here, the red triangles are ruled out
by the present limit of Br(τ → µγ), and the black circles are consistent with the present limit of
Br(τ → µγ).
circles are consistent with the present limit of Br(τ → µγ).
In Fig. 3, when slepton mixing parameters δXX23 = 0 (X = L,R), Br(h → µτ) can reach
O(10−23) and Br(τ → µγ) can attain O(10−27), because the contributions can come from the
mixing of the particles, which can easily be seen in Eq. (8). These results are too small to
detect. However, if the nonzero slepton mixing parameters δXX23 (X = L,R) are considered,
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Parameters Min Max Step
tan β 5 50 2.5
MSUSY/GeV 500 5000 250
TABLE II: Scanning parameters for Fig. 4, where µ = M2 = mL = mE ≡MSUSY.
Br(h → µτ) and Br(τ → µγ) grow quickly. With increasing δXX23 (X = L,R), Br(τ → µγ)
can easily go beyond the present experimental limit of Br(τ → µγ), shown in the plot as
the red triangles. Although Br(h→ µτ) cannot reach the present experimental upper limit
of Br(h → µτ), Br(h → µτ) becomes larger and approaches the present experimental limit
with increasing δXX23 (X = L,R). Especially in Fig. 3(a), considering nonzero slepton mixing
parameters δLR23 , Br(h→ µτ) can achieve O(10−4), which is below the present experimental
limit by just two orders of magnitude. Compared to the MSSM, exotic singlet righthanded
neutrino superfields in the µνSSM induce new sources for lepton-flavor violation, considering
that the righthanded neutrino and sneutrinos can mix and couple with the other particles
seen in Eq. (8) and Appendix A. In Fig. 3(a,c,e), the red triangles overlap with the black
circles, because some parameters strongly affect Br(τ → µγ) but do not affect Br(h→ µτ).
We will research this further in the following.
To see how other parameters affect the results, we appropriately fix δLR23 = 0.02 and
δLL23 = δ
RR
23 = 0.2. Then, we scan the parameter space shown in Table II, where µ = M2 =
mL = mE ≡ MSUSY. In the scanning, we also keep the chargino masses mχβ > 200 GeV
(β = 1, 2), the neutral fermion masses mχ0η > 200 GeV (η = 1, · · · , 7), and the scalar masses
mSα,Pα,S±α > 500 GeV (η = 2, · · · , 8), to avoid the range ruled out by the experiments [142].
Then in Fig. 4, we plot Br(h→ µτ) respectively versus tan β (a) and MSUSY (b), where the
dashed line stands for the upper limit on Br(h → µτ) at 95% CL shown in Eq. (2). We
show Br(τ → µγ) varying with tan β (c) and MSUSY (d) respectively, where the dashed line
denotes the present limit of Br(τ → µγ) which can be seen in Eq. (31). We also picture the
muon anomalous magnetic dipole moment ∆aµ versus tanβ (e) and MSUSY (f) respectively,
where the gray area denotes the ∆aµ at 3.0σ given in Eq. (30). Here, the red triangles are
excluded by the present limit of Br(τ → µγ), the green squares are eliminated by the ∆aµ
at 3.0σ, and the black circles conform to both the present limit of Br(τ → µγ) and the ∆aµ
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FIG. 4: (Color online) Br(h→ µτ) versus tan β (a) and MSUSY (b), where the dashed line stands
for the upper limit on Br(h→ µτ) at 95% CL shown in Eq. (2). Br(τ → µγ) versus tan β (c) and
MSUSY (d), where the dashed line denotes the present limit of Br(τ → µγ), which can be seen in
Eq. (31). ∆aµ versus tan β (e) and MSUSY (f), where the gray area denotes the ∆aµ at 3.0σ given
in Eq. (30). Here, the red triangles are excluded by the present limit of Br(τ → µγ), the green
squares are eliminated by the ∆aµ at 3.0σ, and the black circles simultaneously conform to the
present limit of Br(τ → µγ) and the ∆aµ at 3.0σ.
at 3.0σ.
In Fig. 4(d,f), the numerical results show that Br(τ → µγ) and the muon anomalous
magnetic dipole moment ∆aµ are decoupling with increasing MSUSY. For large MSUSY, it
is hard to give large contribution to ∆aµ. So, the large MSUSY are easily excluded by the
14
∆aµ at 3.0σ given in Eq. (30), which can be seen in the graph as the green squares. For
small MSUSY, there can be a large contribution to Br(τ → µγ). Therefore, the small MSUSY
are easily ruled out by the present experimental limit of Br(τ → µγ), shown as the red
triangles. In Fig. 4(b), Br(h → µτ) is non-decoupling with increasing MSUSY, which is in
agreement with the research in the MSSM [44, 67]. Due to the introduction of slepton mixing
parameters, the non-decoupling behaviour of Br(h→ µτ) tends to O((mh/MSUSY )0), which
is somewhat different from the Appelquist-Carazzone decoupling theorem [150]. (As a side
note, in Ref. [151], a non-decoupling behaviour in computation of the Higgs mass showed
that it was linked to an ambiguity in the treatment of tan β, which is a renormalization
scheme dependent parameter.) We can also see that the red triangles overlap with the black
circles in Fig. 4(b), because the parameter tanβ does not affect Br(h→ µτ) visibly in this
parameter space. In Fig. 4(a,c,e), the numerical results show that Br(h→ µτ), Br(τ → µγ)
and the muon anomalous magnetic dipole moment ∆aµ can have large values when tanβ is
large.
V. SUMMARY
In this work, we have studied the 125 GeV Higgs decay with lepton flavor violation,
h → µτ , in the framework of the µνSSM with slepton flavor mixing. The numerical re-
sults show that the branching ratio of h → µτ depends on the slepton mixing parameters
δXX23 (X = L,R), because the lepton flavour violating processes are flavor dependent. The
branching ratio of h→ µτ increases with increasing δXX23 (X = L,R). Under the experimen-
tal constraints of the muon anomalous magnetic dipole moment, the SM-like Higgs mass
around 125 GeV and the present limit of Br(τ → µγ), the branching ratio of h → µτ can
reach O(10−4). Compared with the MSSM, exotic singlet righthanded neutrino superfields
in the µνSSM induce new sources for the lepton-flavor violation. Considering that the recent
ATLAS and CMS measurements for h → µτ do not show a significant deviation from the
SM, the experiments still need to make more precise measurements in the future. To detect
a Higgs boson lepton flavour violating process is a prospective window to search for new
physics.
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Appendix A: The couplings
The couplings between CP-even neutral scalars and the other CP-even (or CP-odd) neu-
tral scalars are formulated as
Lint = CSαβγSαSβSγ + CPαβγSαPβPγ, (A1)
with
CSαβγ =
−e2
4
√
2s2
W
c2
W
[
υdR
1α
S R
1β
S R
1γ
S + υuR
2α
S R
2β
S R
2γ
S + (υdR
1α
S + υuR
2α
S )R
(2+i)β
S R
(2+i)γ
S
]
+
1√
2
[
λiλi(υdR
1α
S R
2β
S R
2γ
S + υuR
2α
S R
1β
S R
1γ
S )− λiλj(υdR1αS + υuR2αS )R(5+i)βS R(5+j)γS
]
+
√
2κmijκmklυνc
i
R
(5+j)α
S R
(5+k)β
S R
(5+l)γ
S −
1
3
√
2
(Aκκ)ijkR
(5+i)α
S R
(5+j)β
S R
(5+k)γ
S
+
1√
2
(Aλλ)iR
1α
S R
2β
S R
(5+i)γ
S −
1√
2
λiκijk(υuR
1α
S + υdR
2α
S )R
(5+j)β
S R
(5+k)γ
S , (A2)
CPαβγ =
−e2
4
√
2s2
W
c2
W
[
υdR
1α
S R
1β
P R
1γ
P + υuR
2α
S R
2β
P R
2γ
P + (υdR
1α
S + υuR
2α
S )R
(2+i)β
P R
(2+i)γ
P
]
+
1√
2
[
λiλi(υdR
1α
S R
2β
P R
2γ
P + υuR
2α
S R
1β
P R
1γ
P )− λiλj(υdR1αS + υuR2αS )R(5+i)βP R(5+j)γP
]
+
√
2κmijκmklυνc
i
R
(5+l)α
S R
(5+j)β
P R
(5+k)γ
P +
1√
2
(Aκκ)ijkR
(5+i)α
S R
(5+j)β
P R
(5+k)γ
P
− 1√
2
(Aλλ)i
[
R1αS R
2β
P R
(5+i)γ
P +R
2α
S R
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P R
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P +R
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S R
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P R
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P
]
+
1√
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λiκijk(υuR
1α
S + υdR
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S )R
(5+j)β
P R
(5+k)γ
P , (A3)
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where the unitary matrices RS, RP (and Zn, Z−, Z+ below) can be found in Ref. [121], and
the small terms containing Yνi ∼ O(10−7) and υνi ∼ O(10−4GeV) are ignored.
The interaction Lagrangian between CP-even neutral scalars and neutral fermions is
formulated as
Lint = Sαχ¯0ς
(
C
Sαχ
0
ηχ¯
0
ς
L PL + C
Sαχ
0
ηχ¯
0
ς
R PR
)
χ0η, (A4)
where
C
Sαχ
0
ηχ¯
0
ς
L =
−e
2s
W
c
W
(
c
W
Z2ηn − sWZ1ηn
)(
R1αS Z
3ς
n − R2αS Z4ςn +R(2+i)αS Z(7+i)ςn
)
− 1√
2
Yνij
(
R2αS Z
(7+i)η
n Z
(4+j)ς
n +R
(2+i)α
S Z
3η
n Z
(4+j)ς
n +R
(5+j)α
S Z
3η
n Z
(7+i)ς
n
)
− 1√
2
λi
(
R1αS Z
(4+i)η
n Z
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n +R
2α
S Z
(4+i)η
n Z
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n +R
(5+i)α
S Z
3η
n Z
4ς
n
)
+
1√
2
κijkR
(5+i)α
S Z
(4+j)η
n Z
(4+k)ς
n , (A5)
C
Sαχ
0
ηχ¯
0
ς
R =
[
C
Sαχ
0
ς χ¯
0
η
L
]∗
, (A6)
and
PL =
1
2
(1− γ5), PR = 1
2
(1 + γ5). (A7)
The interaction Lagrangian of neutral scalars and charged fermions can be written as
Lint = Sαχ¯ζ(CSαχβχ¯ζL PL + CSαχβχ¯ζR PR)χβ + Pαχ¯ζ(CPαχβχ¯ζL PL + CPαχβχ¯ζR PR)χβ , (A8)
where the coefficients are
C
Sαχβχ¯ζ
L =
−e√
2s
W
[
R2αS Z
1β
− Z
2ζ
+ +R
1α
S Z
2β
− Z
1ζ
+ +R
(2+i)α
S Z
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1ζ
+
]
+
1√
2
Yeij
[
R
(2+i)α
S Z
2β
− Z
(2+j)ζ
+ −R1αS Z(2+i)β− Z(2+j)ζ+
]
− 1√
2
YνijR
(5+j)α
S Z
(2+i)β
− Z
2ζ
+ −
1√
2
λiR
(5+i)α
S Z
2β
− Z
2ζ
+ , (A9)
C
Pαχβχ¯ζ
L =
ie√
2s
W
[
R2αP Z
1β
− Z
2ζ
+ +R
1α
P Z
2β
− Z
1ζ
+ +R
(2+i)α
P Z
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− Z
1ζ
+
]
+
i√
2
Yeij
[
R
(2+i)α
P Z
2β
− Z
(2+j)ζ
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]
− i√
2
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P Z
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− Z
2ζ
+ −
i√
2
λiR
(5+i)α
P Z
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− Z
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+ , (A10)
C
Sαχβχ¯ζ
R =
[
C
Sαχζ χ¯β
L
]∗
, C
Pαχβ χ¯ζ
R =
[
C
Pαχζ χ¯β
L
]∗
. (A11)
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The interaction Lagrangian of charged scalars, charged fermions, and neutral fermions
can be similarly written by
Lint = S−α χ¯β(CS
−
α χ
0
ηχ¯β
L PL + C
S−α χ
0
ηχ¯β
R PR)χ
0
η + S
−∗
α χ¯
0
η(C
S−∗α χβχ¯
0
η
L PL + C
S−∗α χβχ¯
0
η
R PR)χβ, (A12)
where
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−e√
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√
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+ YeijZ
(2+j)β
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]
− λiR1αS±Z2β+ Z(4+i)ηn , (A13)
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e√
2sW cW
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S−α χ
0
ηχ¯β
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S−∗α χβχ¯
0
η
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]∗
, C
S−∗α χβ χ¯
0
η
R =
[
C
S−α χ
0
ηχ¯β
L
]∗
. (A15)
Appendix B: Muon MDM in the µνSSM
The muon anomalous magnetic dipole moment (MDM) in the µνSSM can be given as
the effective Lagrangian
LMDM = e
4mµ
aµ l¯µσ
αβlµFαβ , (B1)
where lµ denotes the muon which is on-shell, mµ is the mass of the muon, σ
αβ = i
2
[γα, γβ],
Fαβ represents the electromagnetic field strength and muon MDM aµ =
1
2
(g−2)µ. Adopting
the effective Lagrangian approach, the MDM of the muon can be written by [152–154]
aµ = 4m
2
µℜ(CR2 + CL∗2 + CR6 ), (B2)
where ℜ(· · ·) denotes the operation to take the real part of the complex number, and CL,R2,6
represent the Wilson coefficients of the corresponding effective operators OL,R2,6
OL,R2 =
eQf
(4π)2
(iDαlµ)γαF · σPL,Rlµ,
OL,R6 =
eQfmµ
(4π)2
lµF · σPL,Rlµ. (B3)
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The SUSY corrections of the Wilson coefficients in the µνSSM can be
CL,R2,6 = C
L,R(n)
2,6 + C
L,R(c)
2,6 . (B4)
The effective coefficients C
L,R(n)
2,6 denote the contributions from the neutralinos χ
0
η and the
charged scalars S−α loops
C
R(n)
2 =
1
m2W
C
S−α χ
0
η l¯µ
L C
S−∗α lµχ¯
0
η
R
[
− I3(xχ0η , xS−α )
+I4(xχ0η , xS−α )
]
,
C
R(n)
6 =
mχ0η
m2Wmµ
C
S−α χ
0
η l¯µ
R C
S−∗α lµχ¯
0
η
R
[
− 2I1(xχ0η , xS−α )
+2I3(xχ0η , xS−α )
]
,
C
L(n)
2,6 = C
R(n)
2,6 |L↔R . (B5)
Similarly, the contributions C
L,R(c)
2,6 coming from the charginos χβ and the neutral scalars
Nα (N = S, P ) loops are
C
R(c)
2 =
∑
N=S,P
1
m2W
C
Nαχβ l¯µ
R C
Nαlµχ¯β
L
[
− I1(xχβ , xNα)
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]
,
C
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∑
N=S,P
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m2Wmµ
C
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R
[
2I1(xχβ , xNα)
−2I2(xχβ , xNα)− 2I3(xχβ , xNα)
]
,
C
L(c)
2,6 = C
R(c)
2,6 |L↔R . (B6)
Here, the loop functions Ii(x1, x2) are given as
I1(x1, x2) =
1
16π2
[1 + ln x2
x1 − x2 −
x1 ln x1 − x2 ln x2
(x1 − x2)2
]
, (B7)
I2(x1, x2) =
1
16π2
[
− 1 + ln x1
x1 − x2 +
x1 ln x1 − x2 ln x2
(x1 − x2)2
]
,
I3(x1, x2) =
1
32π2
[3 + 2 lnx2
x1 − x2 +
2x2 + 4x2 ln x2
(x1 − x2)2
− 2x
2
1 ln x1
(x1 − x2)3
+
2x22 ln x2
(x1 − x2)3
]
, (B8)
I4(x1, x2) =
1
96π2
[11 + 6 lnx2
x1 − x2 +
15x2 + 18x2 ln x2
(x1 − x2)2
+
6x22 + 18x
2
2 ln x2
(x1 − x2)3
− 6x
3
1 ln x1 − 6x32 ln x2
(x1 − x2)4
]
. (B9)
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